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ALTTITUDE PERFORMANCE INVESTIGATION OF TWO SINGLE-ANNUIAR TYPE

COMBUSTORS AND THE FROTOTYPE J40-WE-8 TURBOJET ENGINE COMBUSTOR
WITH VARTIQUS COMBUSTOR INLET-ATR FRESSURE PROFILES

By Adam E. Sobolewskl, Robert R. Miller, and John E. McAulay

SUMMARY

Data were obtained for three single-annular type combustors wlth
different combustor inlet-air pressure proflles over a range of engine
speeds at an altltude of 30,000 feet and a fllght Mach number of 0.62.
The combustors wlth a lower percentage of total hole area at the inner
wall had a higher combustor-outlet temperature profile near the inner
wall then the cambustor with equal hole-area dlstributions; the con-
verse was true near the outer wall. As the combustor inlet-alr
pressure profile was lowered (corresponding to & reduction in air
flow) at the inner portion of the passage height, the combustor-
outlet temperature proflile near the lnner wall was raised. Similar
trends were encountered near the outer wall. Ccmbustor pressure-loss
coefficient was not affected by hole-area dlstrlbution but was affected
by total hole area and inlet-alr pressure profile. For combustors wlth
total hole areas of 877 and 809 squere inches, the pressure-loss
coefficients were 10.8 and 12.4, respectively, at & combustor demsity
ratio of 2.2. For changes in lnlet-air pressure proflle, the pressure-
loss coefficlent varied from 10.8 to 15.8, at a denslty ratlo of 2.2.
Thers was no discernible effect of the aforementlioned variables on
combustlion efficlency.

Combustor performance data were also obtained with the compressor-
combustor conflguration of the turbojet engine designated the proto-
type J40-WE-8., These date were obtalned over a range of altitudes from
15,000 to 55,000 feet and flight Mach numbers from O0.17 to 0.99. For
the prototype J40-WE-8 turbojet-engine combustor, combustlon efficlency
at a corrected engine speed of 7600 rpm decreased from 0.98 at an
altitude of 15,000 feet to 0.83 at an altitude of 55,000 feet at &
flight Mach number of 0.62 and open exhaust-nozzle area (area of
534 sq in.).
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A good correlation was cbtained when combustion efflclency wes
presented as a function of a combustion parameter and englne fuel-air

ratio. These data indicated that at values of combustlon parameter -

below 34,000 pounds-OR-second per cublc foot there was a fuel-alr
ratio that resulted in an optimum combustion efflclency for a given
value of combuetion parameter.

INTRODUCTION

An investigation of-the performance of the XJ40-WE-6 turbojet
engine in the NACA lewls altitude wind tunnel disclosed that the
engine operated wlth compressor surge and & combustor-outlet tempers-
ture Inverslon within the desired operatlng speed range. As & result
of changes made In the settlng of the blades In the compressor and a
study of the configuratlion of the combustor, conducted in cooperation
with the englne manufacturer, the compressor surge was dlsplaced out
of the operatling speed rangs and the combustor-outlet temperature
inversion was corrected., These results are reported ln references 1
and 2.

In correcting the combustor-outlet temperature Inversion, three
single-annular-type combustors having slightly dlfferent alr-passage
geonetry were evaluated on the engine., Correcting the compressor -
surge by maklng changes to the blade settlngs resulted in different
inlet-air pressure profiles at the Inlet to the combustors and made
posslble a determlnation of the effect of inlet-alr pressure proflle -
on combustor performence. Thls investigatlon was conducted over a
range of englne speeds, at an altltude of 30,000 feet, and a flight
Mach number of 0.65.

The XJ40-WE-86 engine having the improved compressor and combustion-~
chamber configuration was designated the prototype J40-WE-8 turbojet
engine without an afterburner. Combustor performance data on the
prototype J40-WE-8 engine were obtained over a range of altitudes from
15,000 to 55,000 feet, flight Mach numbers from 0.17 to 0.99, and
over a range of engine apeeds at flve fixed exhaust-nozzle areas.

These combustor data constltuted the first evaluation in an altlitude
facility of the performance of & single-annular combustor with
spring-loaded variable-areas fuel nozzles operating as an integral
component of a turbojet engine.

Combustor datas are presented herein to show the correlation of
combustion efficlency with engine fuel-alr ratio and & combustlon
paremeter expressed in terms of inlet variables P4T4/V5. (ALl »

symbols used in this report are glven in appendix A.)
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The performance of the prototype J40-WE-8 turbojet-englne combustor
and three other different types of combustors are compared herein by
data which shows the varilation of combustion efficlency with fuel-alr
ratlo and combustion parameter P4T4/Vb for the different combustors.

APPARATUS

Engine

The turbojet englne used at the start of thies Investigation was
deslignated the XJ40-WE-6. Subsequent compressor and combustor configu-
rations resulted in the prototype J40-WE-8 turbojet engine without
afterburner (fig. 1). A manufacturer's rating for the prototype
J40-WE-8 turbojet englne 1s not avallable at the present time;
however, its rating would be similar to the rating of the XJ40-WE-8
turboJet engine, which had a statlc sea-level thrust of 7500 pounds
at an engine speed of 7260 rpm and a turblne-inlet tempersture of
1425° F (1885° R). At this operating condition the air flow was
approxlimately 142 pounds per second, and the combustor-inlet totel
pressure, total temperature, and veloclty (based on the maximum
cross-sectional area of the cambustor, 6.40 sq ft) were 10,600 pounds
per square foot sbsolute, 870° R, and 101 feet per second, respectively.
The principal components of the engine were an eleven-stage axisl-flow
compressor, single-annular combustor, two-stage turbine, diffuser, and
variable-area exhaust nozzle.

A number of dlfferent compressor conflgurations were obtained in
the compressor development program, and data were selected for pre-
gsentation herein from three configuretions. These configurations,
whlch were designated compressors 1 to 3, were chosen because they
provided a wlde range of combustor inlet-alr pressure proflles.

Combustors

Combustion date were obtained with three combustors (supplied by
the manufacturer) which were of the single-annular type, differing
only in the perforations in the inner and outer walls of the combustor
basket and in some mechanical strengthening features. These com-
bustors had a maximum cross-sectional area of 6.40 square feet. The
combugtors, deslgnated A, B, and C, are shown in figures 2, 3, and 4,
respectively. A cross sectlon of the combustors and a developed
sketch of an element of surface from the combustor baskets for each
of the three combustors are shown In figure 5. The variation of
total hole area wlth combustor length for the three combustors is
presented in flgure 6. The total hole area includes the area of the
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openings shown in flgure 5 and the varlous c¢lroumferentiasl openlngs
located at the 1nner and outer walls of the combustor. As shown in
flgure 6, the total hole area for combustors A and C was 796 and

877 square inches, respectlvely; however, approximately the same
percentage of hole area was provided at the lnner and outer walls of
the combustor basket. The distribution of total hole area was

46.5 percent et the iInmer wall and 53.5 percent at the outer wall.
Combustor B, which had a total hole area approximately the same as
combustor A, had equal area distributlon at the inner and outer walls
of the combustor basket.

The splitter (fig. 5) divided the air flow enbering the combustor
into two amnnular pessages formed by the combustor basket and the
inner and outer walls of the combustor. Engine fuel was admitted
and sprayed downstream In the combustor through 16 spring-loaded
veriable-area nozzles located at the upstream end of the combustor.
Through the combined action of. an engine-fuel distributor, equalizing
velves, and spring-loaded variable-area nozzles, the fuel flow through
each of the 16 nozzles was maintained equal at all fuel flows.

INSTALIATION AND INSTRUMENTATION

The engine was mounted on & wing sectlon that spanned the
20-foot-diameter test sectlon of the altitude wind tunnel (fig. 1).
Dry refrigerated air was supplied to the englne from the tunnel
make-up air system through a duct comnnected to the englne inlet.
Throttle valves were installed iIn the duct to permit regulation of
the pressure at the inlet of the engine. Instrumentation for
measuring pressures and temperatures was installed at various stations
in the englne (figs. 7 and 8). Ten sonlc probe thermocouples, which
could be traversed radially, were used at the cambustor-outlet
station (fig. 8(c)) to obtain temperature profiles.

PROCEDURE

Dry refrigerated air was supplled to the englne at the standard
temperature for each fllght conditlon with the exception that the
minimum temperature obtained was about -20° F (440° R). The air, at
approximately sea-level pressure at the entrance of the make-up
alr system, was throttled to a total pressure at the engine inlet
corresponding to the desired flight condition, with complete
free~gtream ram pressure recovery assumed.

Combustor performance data, showlng the effect of different
combustor inlet-alr pressure profiles and combustor hole-ares
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distribution on combustor performance, were obtalned at an altitude of
30,000 feset, a £light Mach number of 0.62, and over a range of englne
gpeeds.

The combustor of the prototype J40-WE-8 turbojet engine, which
conslsted of compressor 1 and combustor A, was lnvestigated over a
range of altitudes from 15,000 to 55,000 feet, flight Mach numbers
from 0.17 to 0.99, at several constant exhaust-nozzle areas, and over
e range of englne speeds.,

Complete radial surveys of the combustor-outlet temperature using
the sonic probe thermocouples were obtained at rated speed only. The
engine fuel used was MIL-F-5624 at & temperature of about 80° F. This
fuel had & lower heating velue of 18,700 Btu per pound and & hydrogen
to carbon retlo of 0.171. The methods of calculatlon are presented
in appendix B.

RESULTS AND DISCUSSION
Effect of Changing Combustor Inlet-Alr Pressure Profile
and Hole Geometry on Combustor Performance

The effects on combustor performance of inlst-alr pressure pro-
files and combustor hole-area dlstribution are discussed 1n terms of
(1) temperature profile at the combustor outlet, (2) pressure-loss
characteristics, and (3) combustion efficiency.

Combustor-outlet temperature profiles. - The effect of dlfferent
combustor conflgurations on combustor-outlet tempersture proflles
for operating conditlons &t high and low engine speeds 1s sghown in
flgures 9 and 10. Ae mentioned prevliously, radial temperature surveys
at the combustor outlet (stetion 5, fig. 8(c)) were obtained only at
rated spped. It has been shown, however, that turbine-ocutlet tem-
perature profiles (station 6, fig. 8(d)) are indicative of turbine-
inlet or combustor-~outlet temperature profiles; therefore, turbine-
outlet temperature profiles are presented at reduced engine speeds
(fig. 9(d) and 10(d)). In the comparison of the combustor configu-
rations the combustor inlet-air pressure profiles (compressor ocutlet-
air pressure profiles) are the seame. Any change 1n combustor perform-
ance may therefore be attributed to the difference in the combustor
bole geometry. Combustors A and B, which are compared in figure 9,
have ebout the same total hols area, but different hole~area dis-
tribution. The percentage hole-area dlistribution at the immer wall
for combustors A and B was 46.5 and 50 percent, respectively. As
shown in figure 9, the combustor-outlet temperature dlstribution was
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affected by variatlons 1In hole-area dlstribution, The effect of changss
in hole-area distribution at the inmner and outer walls was to cauge a
radial shift (due to a restriction or damming effect) in air flow in
the reglon between the compressor outlet, where the combustor inlet-

alr pressure proflles were measured, and the splitter (fig. 5). The
decrease in hole area at the lnner wall for combustor A resulted in
lower air flow and, therefore, high combustor-outlet temperatures near
the lwner wall. Conversely, combustor A had relatively lower
combustor-outlet temperatures nsar the outer wall.

The combustors compared in figure 10 differ both in hole-area
distribution and total hole ares. Combustor B had a total hole area
of 809 square inches, 50 percent of which was located on the inmer
wall, and combustor C had a total hole area of 877 square inches,
48.5 percent of which was located on the inner wall. This lower
percent of total hole area and alr flow at the inner wall of com-
bustor C resulted 1n hlgher combustor-outlet temperatures near the
inner wall as shown In figures 10(b) and 10{(d). The reverse was
again true at the outer wall.

Although the changes in combustor-outlet temperature profile for
the different combustors have been explained on the basls of total
hole-ares distribution at the inner and outer walls, the effect of
chenges 1n the axlal hole distribution (figs. 5 and 6) is also an
influencing factor. It was not possible, however, from the data
avallable to account for the effect of changes 1n the axial hole
distribution. ' '

The effect of combustor inlet-air pressure profile on combustor-
outlet temperature profile is shown in figure 11. The sgplltier located
at the upstream end of the combustor (fig. 5) +tends to direct the air
flow in the inner 55 percent of the passage helght towards the lnner
wall of the combusior and the remaining portlon of the ailr flow
towards the outer wall. As shown in figures 11l(a) and 1l(c) the
shift in total-pressure distribution with change In compressor
configuretion resulted in a greater percentage of the total alr
flow for compressor 2 relatlve to compressor 3 to be dlrected towards
the inner wall of the combustor. Thls effect resulted 1n lower
combustor-outlet temperstures at the inner portion of the passage
helght and higher temperatures at the outer portion of the passage
height for compressor 2 (figs. 11(b) and 11(d))}. Thus, for the
geries of combustors lnvestigated the combustor-outlet temperature
profile was ghown to be influenced by the combustor inlet-alr pressure
profile as well as by the changes 1n combustor hole-area distribution
dlscussed previously.
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Pressure-loss characteristics. - The effect of combustor conflgura-
tions and combustor inlet-air pressure profiles on combugtor pressure-
lose coefficient (P4 ~ Pg)/q; 1s presented in figure 12. Although

there is considerable scatter 1ln the data, partlcularly at low total
density ratios, curves were faired through the points wlth the aid of
trends established from data for other configuratlons and from wind-
milling engine tests. Combustors A and B, compared in figure 1l2(a),
have about the same total hole area but differ In hole-ares distri-
bution. As shown, in figure 12(a)} there was no apparent difference In
pressure loss between the two combustors. Combustors B and C, having
different hole areas and hole dlstributions, are compared In fig-

ure 12(b). The pressure loss 1s greater for combustor B which had the
smaller total hole ares. At a constant value of combustor density
ratio of 2.2, the pressure-loss coefficlent was 10.8 and 12.4 for
combustors C and B, respectively. The data show, therefore, that

over the reange of hole geometry investigated the pressure loss was
independent of hole ares distribution (fig. 12(a)) and dependent on
the total hole area (fig. 12(b)).

The effect of combustor inlet-alr pressure profile on combustor
total-pressure-loss coefficlent of combustor C is shown in
figure 12(c). The pressure loss for the alr-pressure proflle of
compressor 2 was greater than that obtailned with compressor 3. At
2 denslty ratlo of 2.2, the pressure-loss coefficlent was 10.8 and
15.8 for alr-pressure profiles of compressors 3 and 2, respectively.
Since the tempersature profiles shown in figures 11(b) and 11(d)
indicate that compressor 2 directs a greater proportion of the alr
flow toward the combustor inner wall than compressor 3, and also that
the cambustor lnner wall had a lower percentage of the total hole
area than the outer wall, the pressure-loss coeffliclent would tend
to be grester for the alr-pressure proflle of compressor 2. Thus,
1t 1s apparent that the pressure-loss coefficlent 1s sensitlve to
combustor Inlet-air pressure proflile; however, it 1s not posslible to
determine precisely whether the increasse in pressure-loss coefficient
agsoclated with compressor 2 was due entirely to the increase in
losses in mixing and turbulence in the cambustor basket or In
diffusion loss from the combustor inlet (compressor outlet) to the
combustor.

Combustion efficiency. - The effect of combustor configurations
and caombustor linlet-alr pressure profiles on combustion efflclency is
shown in Pflgure 13, In order to enable a direct comparison of the
different combustors and inlet-alr pressure proflles lrrespectlve
of differences in Inlet pressure, temperatures, or velocltles, the
combustion correlation parameter P4T4/Vb was used. This combustion

paremeter 1s derived In reference 3. As wlll be shown later, there
was an addlitional effect of fuel-alr ratio on combustion efflclency.
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Inasmuch as the various configurations were lnvestlgated at the sams
flight conditions, and over the same range of engine speeds and
exhaust-nozzle areas, the fuel-alr ratios for each of the configura-
tions were essentially the same for any glven value of combustion
paremeter shown in figure 13. The date show that for the con-
figuratlions and pressure profiles studled there was no effect of these
variables on combustion efficiency. Combustion efflclency remained
approximately constant at 0.98 for values of combustlion parameter
greater than 34,000 pounds-CR-second per cublc foot, and decreased
for values of combustion parameter below 34,000 pounds-CR-gecond per
cubic foot to 0.60 at a combustion parameter of 8400 pounds-°R-second

per cubic foot.

Performance of the Prototype J40-WE-8 Turbojet-Engine Combugtor

The results presented in the previous dlscusslon were obtalned
during the early phase of the Investigation which conslsted of a com~
presgor development and combustor evaluatlon program of the XJ40-WE-6
turbojet engine. From this part of the investigation, as mentioned
previously, a configuration comprised of compressor 1 and combustor A
was gelected for the prototype J40-WE-8 turbojet engine. Thisg con-
filguration was chosen because of improved compregsor surge character-
istics, elimination of combustor-outlet temperature inversion (refer-
ences 1 and 2), and satlsfactory mechanical reliabllity of the com-
bugtor. A performance evaluatlon of this conflguration was obtained
over a wide range of flight and engine operating condltions and 1s
presented in the following sectlion. Most of the performance data are
presented at an exhaust-nozzle area of 534 square inches (open nozzle).
The trends of the date for all the exhaust-nozzle areas were similar,
but the effects on the cambustor performance were somewhat greater
wlth the open exhaust-nozzle area. Data for all exhaust-nozzle aress

are presented in table I.

Combustion efficlency. - The effects of corrected engine speed,
altlitude, flight Mach number, and exhaust-nozzle arsa on combustion
efficlency are shown in figure 14. Although flight condition, engine
speed, and exhaust-nozzle area are not baslc combustor varlables, the
data in figure 14 are shown Iln order to illustrate the varlation in
performance of the combustor in an engline. The variations in com-
bustion efficiency for a given combustor configuration are primarily
due to changes in combustor-inlet pressure, temperature, velocity,
and fuel-air ratio as will be discussed later. At a f£flight Mach
number of 0.62 and exhaust-nozzle ares of 534 square Ilnches, combustion
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efficiency decreased from 0.98 at 15,000 feet to 0.83 at 55,000 feet,
at a corrected englne speed of 7600 rpm (fig. 14(a)). The effect of
altitude on combustion efflclency becomes even more pronounced at the
lower engine speeds. Although the variasbles, fllght Mach number and
exhaust nozzle area, also affect combustlion efficlency, the effects
are less pronounced than the altitude effect as shown in fig-

ures 14(b) and 14(c), respectively. At a corrected englne speed of
7600 rpm and at an altitude of 35,000 feet, (fig. 14(b)) & change in
Plight Mach number from 0.17 to 0.39, increased combustion efficiency
from about 0.955 to 0.995. In figure 14(c), which shows the effect
of exhaust-nozzle area on combustlon efficiency at 35,000 feet and
flight Mach number of 0.62, combustlon efficliency lncreased from
about 0.97 to 0.98 as the exhausit-nozzle area was reduced from 534
to 420 square inches at a corrected englne speed of 7600 rpm.

Combustor pressure-logs characteristlics. -~ Combustor pressure-
loss characterlistics are presented In terms of engine parameters in
figure 15 and of combustor parameters in figure 16. In both figures
the pressure-loss characteristics include the pressure loss due to
(1) the diffusion process from the combustor inlet (compressor outlet)
to the combustor basket, (2) mixing and turbulence in the combustor
basket, and (3) momentum pressure loss associated with the burning
process. For all flight conditions and exhsust-nozzle areas, the
combustor total-pressure-loss ratioc (P4 - PB)/P4 decreased with

increasing corrected engine speed above a corrected engine speed of
about 6000 rpm (fig. 15). For example, at an altitude of 35,000 feet,
flight Mach number of 0.62; and exhaust-nozzle area of 534 square
inches, the combustor total-pressure-loss ratio decreased from 0.040
to 0.031 as corrected engine speed increased from 6000 to 7400 rpm
(fig. 15). This reduction in pressure-loss ratio with increasing
corrected engine speed may be attributed to a more favorable combustor
inlet-air pressure profile resulting in a more efficlent diffusion
process. At a constant value of corrected engine speed, decreasing
altitude (fig. 15(a)) or increasing flight Mach number (fig. 15(b))
or exhaust-nozzle area (fig. 15(c)), in general, resulted in an
increasing pressure~loss ratio. For instance, at a corrected engine
speed of 7000 rpm, aeltitude of 35,000 feet, and flight Mach number

of 0.62, increasing exhaust-nozzle area from 367 to 534 square inches
resulted in an Increase of total-pressure-loss ratic from 0.024 to
0.036 (fig. 15(e)).

The combustor pressure-loss characteristics are presented in
terms of fundamental combustor parameters in figure 16. The combustor
total-pressure~-loss coefficient increased as the combustor total-density
ratio was increased from 1.0 to 1.9, reaching a maxinum value of 9.2 at
a Qdensity ratio of 1.9. For values of density ratios above 1.9, the
pressure-loss coefficient tends to decrease. From theoretical consider-
ations (reference4 ), the pressure-loss coefficient should vary linearly
with density ratio. Possible factors in the disagreement are that the
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efficiency of the diffusion process, as well as the mixing and turbulent
losses in the combustion, varied as the density ratio was changed.

Correlation of Combustlon Efficiency with EFnglne Fuel-Alr
Ratlo and Combustlon Parameter

Becauge the process of combustion 1ls complex and depends on many
factors it is difficult, if not impossible, to determine a combustion
parsmeter which correlates combustion efficlency for all flight and
engine operating condltions. However, scme of the primary variables
affecting combustion efficlency are considered in the combustion
parameter P4T4/Vb derived in reference %X. In order to obtain s

satisfactory correlation of combustlion efflciency with combustion
parsmeter P4T4/Vb, en addiltional parameter, englne fuel-alr ratio,

was Introduced. Combustion efflclency is presented In figure 17 as a
function of these two combustlon parameters for two of the compressor-
combustor configurations investigated. The data of figure 17(a) were
obtained at altlitudes from 15,000 to 55,000 feet and flight Mach
numbers from 0.17 to 0.99. The data of figure 17(b) represent a
range of altltudes from 15,000 to 45,000 feet and flight Mach numbers
from 0.17 to 0.62. Although scatter 1s present, particularly at low
values of P4T4/Vb; the curves for several narrow ranges of fuel-air
ratio provide a reasonably good correlation of the data. In general,
the date in figures 17(a) and 17(b) exhibit about the same magnitudes
and trends. In figures 17(a) and 17(b), combustor efficiency begins
to decline for values of P,T,/V,y below 34,000 pounds-°R-second per

cubic foot. Below this value of P4T4/Vb, combustion efficiency was
sensitive to fuel-air ratlo, and above this value, fuel-air ratioc had
a negligible effect. ' : : o : ' -

The date of figure 17 are presented In figure 18 with fuel-alr
ratioc as the absclssa 1ln order to show more clearly the effect of
fuel-alr retio on combustion efficlency. Because suffliclent data
were not avalilable to completely separate the varlables, P4T4/Vb

and fuel-alr ratio, each of the curves presented in figure 18 is for
& small renge of P4T4/Vb. These data indlcate that over these small

ranges of P4T4/Vb there was an optlmum value of fuel-air ratlo

for meaximum combustlon efflclency. For example, for a range of
P4T4/Vb of 6500 to 7500 pounds-°R-second per cublc foot, combustion

efficlency variled from 0.50 to 0.67 as fuel-alr ratlo was increasged
from 0.0066 to 0.0112, and a further Increase 1n fuel-air ratlo fram
0.0112 to 0.0156 decreased combustion efficiency from 0.675 to 0.55.
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Combustion efficiency probably varied with fuel-alr ratio at a
constant value of combustion parameter because of local rich and lean
fuel-alr ratlo regions in the primary zone of the combustor. These
reglons may also be influenced by the degree of fuel atomization. At
the high values of fuel-alr ratio, some of the local reglons in the
primary zone are probably excessively rich in fuel, and combustlon was
incomplete because of a lack of oxygen; whereas, at the lower values
of fuel-ailr ratlo, some of the local reglons were too lean for efflclent
combustion.

Comparison of Several Combustors from Different Turbojet Engines

Performance of four different current combustors is compared in
Pigure 19. Combustlon efflclency is shown as a function of combustion
parameter P4T4/Vb at three different levels of fusl-alr ratio.

Combustor A was the combustor used 1n the prototype J40-WE-8 turbojet
engine. Data for combustor M were not available below & combustion
parameter of 20,000 pounds-°R-second per cuble foot.

Combustlon efflclency of all combustors shown was affected some-
what by fuel-alr ratio, probably because of the rlch and lean combustion
reglons previously dlscussed. This effect of fuel-alr ratio was
greatest at low values of combustion parameter P4T4/Vb.

For the range of combustor operating conditions lnvestigated, the
performance of combustors A, M, and N was approximately the same. These
combustors have fuel systems that provide good fuel atomization and
distribution over a wide range of fuel flows. Combustor P had a lower
combustion efflciency than combustors A, M, and N, especially at low
values of combustion parameter and fuel-alr ratio. The low combustion
efficlencles experlenced wilth combustor P are felt to be primarily
a result of the fixed-area fuel nozzles which provide poor spray and
penetratlion characteristics at low fuel flows. Of course, cambustion
efficlency is primarlly & function of matching the fuel and alr properly
and not of fuel injectlon alone; nevertheless, for the combustors pre-
gented, combustlon efficiency is concluded to be primarily dependent
on the method of fuel InJection rather than the type of combustor used.

SUMMARY OF RESULTS

1. The effect of cambustor hole-area distribution and combustor
inlet-air pressure profile on combustor performance was obtained over
a range of engine speeds at an sltitude of 30,000 feet and a flight
Mach number of 0.62:
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(2) The combustors with a lower percentage of total hole area at the
inner wall had a higher combustor-outlet temperature profile near the
inner wall than the combustor with egqual hole-area distribution; the
converse was true near the outer wall. As the combustor inlet-air
pressure profile was lowered (corresponding to a reduction in air flow)
at the lmner portion of the passage helght, the cambustor-outlet tem-
perature profile near the inner wall was ralsed. Sinilar trends were
encountered near the outer wall.

(b) Combustor pressure-loss coefficient was not affected by hole-
area dlgtributlion but was affected by total hole area and inlet-air
pressure profile. For combustors with total hole area of 877 and
809 squere Inches, the pressure-loss coefficlent was 10.8 and 12.4,
respectlively, at a combustor denslty ratio of 2.2. For changes in
inlet-air pressure profile, the pressure=-loss coefficient varied from
10.8 to 15.8 at & denslty ratlo of 2.2. There was no discernible effect
of these vaerlaebles on combustion efficlency.

2. With compressor 1 and combustor A, which was the configuration
designated the prototype J40-WE-8, data were obtained over a range of
altitudes from 15,000 to 55,000 feet and flight Mach numbers from
0.17 to 0.99.

(a) These data showed that, in general, a change in corrected
engine speed, altitude, flight Mach number or exhaust-nozzle area in
order to increase the combustor-inlet pressure resulted in an increase
in combustion efficiency except at high pressure'levels where combustion
efficiency was constant. For example, at a flight Mach number of 0.62
and an open exhaust nozzle (area, 534 sq in.) the combustion efficiency
decreased from 0.98 to 0.83 as altitude was increased from 15,000 to
55,000 feet at a corrected engine speed of 7600 rpm.

(b) For all flight conditions and exhaust-nozzle areas, combustor
total-pressure~loss ratio decreased as the corrected engine gpeed
increased above a corrected engine speed of about 6000 rpm. However,
at a constant corrected engine speed, decreasing eltitude, or increasing
flight Mach number or exhaust-nozzle area, in general, resulted in an
increasing total-pressure-loss ratio. At & corrected engine speed of
7000 rpm, an altitude of 35,000 feet, and & flight Mach number of 0.62,
an increase in the exhaust-nozzle area from 367 to 534 square inches
resulted in an increase of combustor total-pressure-loss ratio from
0.024 to 0.036.

3. A good correlation was obtained when combustion efficlency was
presented as a function of combustion parameter P4T4/Vb and engine
fuel-air ratio. These data indicated that at values of combustion

9292
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varemeter below 34,000 pounds-CR-second per cubic foot there was a

13

fuel-air ratio that resulted in an optimm combustion efficiency for a

given value of combustion parameter.

Tewls Flight Propulsion Laboratory

National Advisory Committee for Aeronsutics
Cleveland, Ohio
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APPENDIX A
SYMBOLS
The following symbols are used In this répbrt:

A oross~sectional area, sq ft

o, specific heat at constant pressure, Btu/(1b) (°F)
oy Specific heat at constant volume, Btu/(1b) (°F)

f/a fuel-air ratio

acceleration due to gravity, 32.2 ft/sec?

enthalpy

g

H

M Mach number
N engline speed, rpm
P

total pressure, lb/sq ft abs
P statlc pressure, lb/sq Tt abs

theoretical dynamic pressure, 1b/sq ft abs

q
R  gas constant, 53.4 £t-1b/(1b)(°R)
T total temperature, °R

t

static temperature, °R
Vv  veloclty, ft/sec

Wy, air flow, 1b/sec
We fuel flow, 1b/hr
W gas flow, 1b/sec
4 ratio of specific heats, cp/cv

(o} pressure correctlion factor, P/les (total pressure divided by
NACA standard sea-level pressure)

o

9292
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M efficlency

] temperature correction factor, »T/(1.4)(519) (product of 7 and
total temperature divided by product of 7y at standard sea-
level temperature and standard NACA sea-level temperature)

p density, (1b)(sec®)/ftt

Subscripts:

0 free-stream condltions

1 cowl inlet

3  compressor inlet

4 combustor inlet, compressor outlet
5 combustor outlet, turbine inlet.
6 turbine outlet

1 exhaust-nozzle outlet

b burner

c compressor

i indicated

t turbine
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APPENDIX B
METHODS OF CALCULATION

Alr flow. - Alr Plow was calculated at station 1 (fig. 2) by use
of the following eguation : C

7y, - 1
4
W a N[ 218 2\ 1
Gas flow downstream of the combustor 1is
Vg
Wg=Wa 1 *+ 3555

Combustor dynamic pressure. - In order to calculate a combustor
dynamic pressure, based on a cambustor maximum cross-gectlonal area of
6.40 square feet, & combustor Mach number was first calculated wilith
the equation ' oo ;

My, ___ Va,aVT4
74 + 1 0.776 Ay Py/74
2 74 - l
74 -1 2
14— My
then
74P4Mp?
W ==
and
Py
Pa = 74
-1
7e - 1 74
(1 + 4 sz)
2
therefore
_ 74P M
4y 7a

9292
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Combustor-inlet velocity. - With the use of cowmbustor Mach number
My, combustor-inlet veloclty was determined from the following equetion:

Vp = Mp/748RE4

where
Ty

ts =
1+

Turbine-inlet temperature. - Turbine-inlet temperature was calcu-
lated from the following equation, which assumes compressor and turbine
work equal:

W, c
TS =_a.:l_£:£ (T4 - Tl) +T7
W, c
8,5 "p,t

Combustion efficlency. - With the assumption that the compressor
and turdbine work are equal, combustion efficlency 1s deflned as the
ratlo of the actual enthalpy rise of the gas while passing through
the englne to the theoretlcal Increase in enthalpy that would result
from complete combustion of the fuel change.

_ actual enthalpy rise of the gas across the engine
Mp = heat input

T 'I'7
3800 w&,l Hg, + E!Tf He
Ty Ty

18,700 Wp

where 18,700 Btu per pound of fuel is the lower heating value of the
fuel.

Combustor total-density ratio. - From the gas law the total
density is

P
p = ==
&RT
then o
Pg P4 Ts
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TABLE I. ~ COMBUSTOR PERFCRMANCE DATA FOR PROTOTYPE
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Altitude Ram- Flight|Pree-stream{Engine|Corrected| Compressor-| Combustor- [Combustor- | Caloulated
{rt) pressure| mach static speed engine inlet total|inlet totall|inlet total] combustor-
ratio number pressure N speed temperature| temperature | pressure [outlet total
P1/?0 My Po (rpm) | N/~/F s Ty P, temperatura
1b (rpum) (°R) (°R) 1 T
BqQ abs Bq It abs (°R)
1| 15,000 1.017 ¢.155 1186 7260 7275 517 as7 5573 1830
2 l.022 .176 1184 7260 7205 527 883 5845 1852
3 1.021 178 1183 6534 6939 460 T44 5235 1567
4 1.020 .169 1185 6534 6900 465 754 5357 1467
S 1.022 .I78 1les 6534 6913 464 781 54892 1577
8 1.019 164 1182 6534 6913 464 767 5680 1860
7 1.019 164 1ie8 6534 68939 460 772 5791 1787
8 1.297 .621 118l 7260 7376 503 834 7020 1820
-4 1.296 621 1183 7280 7391 5 826 7115 1530
10 1.298 622 1183 7260 7391 501 840 7295 1610
11 1.292 616 1183 7260 7398 500" 839 7569 1670
le 1.294 .819 1186 7860 7383 502 as38 7339 1697
13 1.291 .816 1188 T260 T427 496 843 7546 1737
14 1.292 .6186 1186 7260 7369 504 &858 7459 1840
15 1.302 .828 1183 7260 7398 500 858 7687 1850
18 1.296 .821 1179 7079 7199 502 816 6833 1460
17 1.294 .618 1183 7078 7180 500 818 6773 1463
18 1.292 .616 1188 7078 7214 500 813 7018 1548
19 1.289 614 1186 7079 7214 500 as3 7171 1667
20 1.291 .616 1la4 7079 7182 503 Bad 7390 1777
21 1.295 .619 1183 6897 8994 505 812 6496 1420
22 1,296 .621 1188 €697 7000 504 815 6738 1500
23 1.288 614 1191 6897 7083 495 821 6786 1607
24 1.292 .818 l1is8 6897 7007 503 829 7069 1713
25 1.289 G22 1183 8716 6790 506 806 6106 15835
26 1.295 619 1183 6716 6803 506 798 6160 1375
27 1.28% 619 1187 6716 6810 505 803 €388 1455
28 1,295 .619 1183 6716 6823 503 801 6510 1473
29 1.288 613 1194 6716 6803 508 807 6488 1540
30 —em—a } mm——— 1188 5718 6817 S04 818 8762 ———
31 1.282 .617 1188 6534 6599 508 792 5820 1353
32 1.285 .619 1183 6534 8607 5Q8 788 ———— 1323
33 1.300 .824 1187 6534 6632 504 789 8089 1403
34 1.281 616 1188 6534 6645 502 768 6187 1476
35 1.298 822 1183 6534 6619 506 795 6277 1500
36 1.28% .619 1183 6534 6639 503 798 6310 1580
37 1.298 .622 1187 6554 6658 500 811 6720 1803
38 l.298 822 1182 §171 6233 509 T84 5242 ————
39 1.501 625 1188 6171 8257 505 761 5321 1298
40 1.300 624 1182 6171 §276 502 783 5367 1367
41 1.295 .818 1179 6171 8270 503 768 5537 1450
42 1.296 <821 1183 8171 6288 500 781 5793 1855
43 1.299 .823 1188 5806 5889 505 754 4493 —-———
44 1.296 <621 1182 5808 5860 510 738 4540 1157
45 1.294 .619 1184 5808 5864 506 736 4834 1230
46 1.29S .619 1187 5308 5854 511 T44 4881 1297
47 1.291 .616 1185 . 5808 5889 505 740 4843
48 1.298 .622 1185 5608 5818 500 752 5083 1527
49 1.291 616 1i80 S082 5112 513 6§94 3594 1055
S0 1.297 621 1181 5082 5123 511 889 3486 1023
51 1.295 819 1186 5082 5133 509 887 5485 1082
52 1.301 625 11ra7 5082 5143 507 686 3527 1115
S3 1.295 .619 1184 5082 5153 505 685 3633 1170
B4 ).289 .614 1187 5082 5138 508 699 3836 1233
55 1.288 .813 1180 5082 5179 500 892 3749 1280
56 1.284 .809 1190 3993 4041 507 614 2317 500
57 1.287 .612 1188 3088 503 B57 1769 730
o8 [ 50,000 1. . 611 T260 7758 457 775 30864 ———
59 1.302 628 812 7280 7710 4860 781 5914 1515
&0 1.301 .625 8l2 7280 1725 458 185 3983 1570
8l 1.303 .627 gl2 7280 7703 461 786 3955 1570
&2 1.303 627 608 7260 7720 480 192 4076 1650
83 1.282 818 810 7260 7698 462 798 4122 1707
&4 1.298 .621 612 7260 1717 458 810 4207 1808
65 1.303 .827 810 7260 7717 459 81l 4223 1808
66 1.288 621 820 T28Q 7696 462 803 4234 ———
87 1.283 .818 §12 7280 7759 457 816 4251 1662
68 1.280 614 812 7280 7725 458 817 4243 1880
88 1.285 .619 811 7260 1738 457 805 4308 18117
70 | 35,000 1.018 0.180 478 7280 76863 443 772 2477
71 1.014 A4 476 7280 7848 444 790 2575 1715
72 1.012 <1350 476 72860 7884 440 800 2647 1818
73 1.013 1358 477 7260 |77 441 802 2850 1825
T4 1.017 155 477 7260 7841 445 803 2678 1877
75 1.020 169 478 72680 76848 444 802 2702 1863
78 1.018 160 478 7079 7874 442 759 2429 1499
77 1.018 .168 478 6716 7294 440 735 2294 1420
78 1.018 .168 478 6534 7102 *39 722 2218 1371
79 1.021 173 479 5808 8313 439 678 1776 1249
80 1.022 .176 477 5082 5519 440 635 1553 1198
81 1.022 176 479 3993 4336 440 8571 508 1210
a2 1.021 173 479 3630 35942 440 547 820 120G
83 1.025 .188 479 3086 33551 440 519 705 1200
84 1.293 .818 479 7260 7884 440 767 3087 1483
a5 l.288 613 477 7280 1754 455 T84 5049 1535
a6 1.282 6186 492 7260 7877 441 769 5160 1550
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NACA RM E52J07 SER. 21
J40-WE-8 TURBOJET ENGINRE (COMPRESSOR 1, COMBUSTOR A)

Combustor- { Fuel [Turbine-|Projected|Engine- | Engine |Combustor |Combustor [Combustor [Combustion| Combustion | Run
tlst totall flow | outlet |} exhaust-| inlet el-gir | to - total- total jefficlency| parameter
pressure Ve total nozzle alr flcw | ratio pressure- |pressure-{ density 13 1‘4/'1'

Pg (iynr) jtecpera-] area Wa,1 £/a lose ratio] loss ratio —v——ib

1b ture Aq (1n/sec) (P4-Pg) |coeffic- Pu/Ps 15=-CR-sec

q 5 Tg (sq in.) —y— | it
{°R) < (Py-Ps) F<5
9
5378 5255 1325 534 80.80 0.0355 10.10 1.872 0.980 46,916 1
5674 4135 1835 449 79.66 .0283 9.096 2.160 981 52,127 2
5054 2715 1118 536 81.97 0348 8.577 1.803 <348 40,491 -]
5179 3115 1217 475 80.51 0552 9,727 2.013 945 42,902 &
5323 3520 13186 438 80.19 .0508 9.548 2.138 .952 45,493 5
5416 3845 1392 414 76.96 0294 9.647 2.230 <944 47,820 &
5632 4340 1499 388 80.15 .0278 9.578 2.354 987 51,328 7
8759 3760 1224 534 105 .44 0372 10.0Q 1.893 984 56,876 a
6849 3905 1237 511 105.50 0374 10.55 1.924 <964 57,958 8
7045 4370 1308 479 106.33 L0343 9.786 1.885 867 60,822 10
7119 4615 1366 455 105.51 0339 9.921 2.060 <974 62,243 11
709% 4680 1593 449 105.21 0335 9.801 2.085 .987 61,958 12
7320 4985 1425 442 106.81 .030Q 9.004 2.124 -988 64,832 13
7428 1527 422 105.12 0042 1.216 2.154 .378 63,880 14
T4T4 5555 1537 416 106.21 0277 8.589 2.225 993 87,529 15
6573 3505 1177 5356 104 .08 0381 9.962 1.860 968 55,872 16
6521 5485 1lig2 5354 103 .46 0372 9.730 1.859 .966 55,426 17
8770 4030 1259 479 1035.84 0355 10.080 1.85 .955 57,905 18
6832 4470 1368 449 103.79 JO333 8.484 2.070 .991 59,494 19
7158 5150 1474 422 102.58 0314 9.748 2.173 .962 64,460 20
6250 3200 1145 534 100.25 03579 8.918 ——— .969 51,0862 21
6492 3716 1224 479 101.22 0562 10.04 1.909 953 54,538 e2
6550 4045 1521 449 10C.66 0348 8.874 2.028 1.005 55,9831 23
6848 471C 1424 422 99.94 .6315 9.404 2.133 .8967 60,234 24
5880 2895 1122 5356 95.92 .0370 9.187 1.794 .981 45,5680 25
5928 2885 1107 554 96.80 O57T 9.587 1.785 -975 47,371 26
6156 3365 1189 479 87.50 .0363 $.748 1.880 .958 50,627 27
6269 3530 1208 471 98.14 .0570 10.26 1.810 957 52,255 28
8254 3700 1270 449 96.43 058 1o0.18 1.979 .870 52,962 29
6540 4345 —— 422 ————— .0328 30
5589 2605 1077 536 92.80 .0587 9.830 1.753 .966 44,025 51
— 2625 1088 S34 93.51 .952 ——— 32
5884 3035 1145 479 94 .58 0370 2.657 1.846 .269 47,1835 33
5967 3410 1222 449 84.06 0356 9.821 1.942 .868 49,246 34
£030 3520 1240 442 94.15 0382 10.27 1,958 959 50,885 35
6103 3860 1321 420 92.70 .0328 9.583 2.097 .959 51,975 36
6526 4975 152¢ 367 92.15 0288 8.510 2.289 857 59,193 37
5046 1380 —— 534 86.62 0374 - 1.690 ———— 38,398 38
5125 2395 1060 479 85.96 0388 9.159 1.771 .958 38,436 23
5176 2860 1129 449 85.24 .0356 9.317 1.858 969 40,809 40
5352 5080 1218 419 84 .44 0534 9.487 1.853 958 44,135 41
5618 3810 1408 367 83.62 03502 9.358 2.185 963 48,602 42
4321 1680 941 536 77.86 .0383 8.776 ———— ——— 51,468 43
4365 1710 936 554 77.76 0386 8.838 1.831 839 31,879 hd
4313 1945 1008 479 77.58 .03865 8.802 1.734 .954 33,330 45
4514 2140 10785 448 76.37 L0357 9.076 1.807 .966 34,757 48
4678 2440 1153 418 76.4L 0341 9.429 1.888 .952 37,370 47
4820 3095 1302 567 75.89 L0321 9.6845 2.098 872 41,248 48
3267 1160 874 536 61.25 L0374 8.194 1.579 .809 22,540 49
3323 1170 843 534 62.75 L0413 8.984 1.549 856 22,918 50
3252 1287 308 479 61.83 .0359 8.224 1.634 917 23,602 51
3403 1560 954 449 62.28 .0852 8.267 1.684 .930 24,171 52
3510 1583 980 418 61.80 .0339 8.425 1.768 .810 25,542 53
3512 1668 1052 592 60.26 <0341 8.921 1.828 .938 T 26,522 54
3626 1884 1111 67T &80.7T1 .0328 9.111 1.827 -950 27,953 56
2257 7135 790 536 44 .30 .0259 5.825 1.508 .788 14,848 58
1727 524 582 556 32.70 0238 §.176 1.343 524 11,519 57
Z170 1150 B8 . - 6 T.071, ———— 0.5963 » m

3824 2255 1233 505 58.88 02350 6.522 1.986 .880 31,449 58
5890 2460 1281 475 58.1§ 0234 6.843 2.048 .972 32,098 60
5852 2430 1284 475 59.87 0261 T.410 2.050 .986 31,880 61
3960 . 2705 1362 451 58.06 .0285 8.855 2.144 .854 34,452 62
4006 _ 2840 1411 438 56.91 .0282 €.508 2.201 .9%59 36,585 83
4132 5130 1452 42€ 58.69 0266 7.197 2.284¢ .968 56,485 64
4124 3130 1501 426 58.85 .0235 7.500 2,283 972 36,881 €5
4110 3150 — 426 59.99 0293 §.118 ————— ——— 56,024 68
4164 3270 1550 418 58.57 .0205 6.744 2.330 979 37,570 67
:lgg 52225 151; 418 58.27 0205 5.7;3 2.5’]2.5 .97% 37,517 &8

% 3235 15 414 Eg .02 0267 9.3 %% ] .84 38,88 [:1:]

. o B . 972 ,07 7!
2505 1750 1408 475 36.48 L0133 0264 8.385 2.230 .992 22,032 71
2585 2010 1503 455 36.29 0154 02354 T.949 2.328 .958 23,521 72
25830 2010 1508 453 56 .40 o 0227 7.692 2.329 968 23,573 73
2812 2070 1565 435 56.48 0158 0247 8.354 2.396 .980 ,83% T
2632 2071 1558 4355 56.846 .0156 0258 8.750 2.385 .990 24,035 75
2359 1450 1217 534 58.57 0110 .0288 8.434 2.034 8734 19,528 76
1302 534 35.50 .0102 0301 8.519 1.992 .832 17,882 77

2148 1229 1122 534 38.86 0038 0307 8.718 1.859 .928 17,123 78
1712 935 1024 534 23.08 .0089 0360 10.00 1.817 .868 13,098 79
1306 789 1013 534 22.40 0098 <0347 8.792 1.955 LT71 9,807 80

885 T40 1085 534 14.36 .0143 0253 9.200 2-178 .81k 7,028 a1

797 728 1102 S34 12.67 0160 0281 10.95 2.257 .559 6,416 a2

880 683 1130 554 10.33 0184 0213 10.00 2.362 .509 5,854 a3
3002 1802 1204 554 47.20 .0108 0275 7.798 ——— .969 24,592 84
2965 1799 1244 S17 45,79 .0108 0276 7.850 2.010 .971 24,557 85
3071 1905 1262 510 47.51 .0111 .0282 8.018 2.074 25,203 a8
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COMBUSTOR FERFORMANCE DATA FOR

Run fAltitude Ram- | Flight|Free-stream|Engine [Corrected jCompressor- |Combustor- | Combuster- Calculated
(ft) |pressure| mach static jspeed | engine |inlet total|inlet total{inlet total] combustor-
ratio |[number| pressure N speed. temperature |temperature| pressure [ocutlet total
P1/Po Po {(rpm) | N//F Ty T, P, temperature
( 15 (rpm} (°R) ¢°r} ( 1b ) Ts
8g It abs eq Tt abs (°R}
87| 35,000 1.507 0.631 474 7260 7648 444 774 5185 1592
88 1.301 .625 479 7260 7870 442 784 3315 1680
88 1.305 629 478 7260 7870 £42 784 5311 1700
90 1.298 622 480 7260 7834 446 787 3273 1698
91 1.303 .627 479 7260 7888 443 794 3413 1833
g2 1.299 .623 779 7078 7867 443 758 3054 1460
83 1.285 .8lg 480 7079 7688 440 754 3023 1450
24 1.294 618 478 7079 7667 443 758 3088 1530
85 1.275 . 600 483 7079 450 768 3065 1554
96 1.288 .611 484 7078 7603 450 782 3179 1668
97 1.297 .621 479 7079 7652 444 784 3330 1780 -
98 1. .6818 478 8897 T497 439 743 2929 1400
99 1.292 .618 480 68897 1366 455 758 3893 1403
100 1.304 .628 480 8887 T469 443 47 3036 1470
101 1.299 .623 473 86897 7387 452 775 3071 1628
102 1.297 621 478 6897 7456 444 770 3229 1710
103 1.297 621 478 8716 7237 443 734 2889 1380
104 1.297 .621 479 6716 7287 441 730 2847 1358
105 1.300 .824 £77 8718 T220 449 742 2880 1428
106 1.303 .827 480 §716 72086 451 761 2956
107 1.285 619 479 6716 7260 444 758 3096 1655
108 1.291 .616 480 6554 7089 441 722 2771 1330
109 1.293 .618 481 8534 7088 441 717 2730 1300
110 1,329 .651. 478 6534 8378 45S 754 2830 1350
121 l.282 .807 478 65354 7024 448 751 2754 1385
112 1.3501 .625 480 6534 7011 451 740 2843 1492
113 1.292 616 481 6534 £998 453 748 2797 1500
114 1.300 .624 478 8534 7011 451 745 ———— 1548
115 1.302 626 479 6534 7063 444 741 2970 1600.
1le 1,297 .621 481 8534 7024 449 753 ——— 1662
117 1.313 .836 478 6534 7018 450 762 3090 1760
118 1.294 .818 481 6171 6696 441 700 2492 1237
119 1.291 .B816 L62 6171 8634 449 T04 2485 1280
120 1.29%4 .619 480 6171 8604 455 724 2488 1580
121 1.300 824 479 §172 8665 445 713 2625 1455
122 1.303 827 479 8171 §66S 446 735 2754 1733
123 0 | —emea —— —_— 5808 6302 441 872 ——— ————
124 1.312 .836 478 5808 6296 442 669 ——— ———
125 1.294 .619 478 5808 6298 442 674 2135 1127
128 1.302 .628 480 5808 6267 446 678 2197 1200
127 1.303 627 479 5808 §209 454 698 2164 1280
128 1.298 .622 478 5808 8273 445 686 2260 1533
129 1.304 .628 477 5808 6267 446 709 2367 1585
130 1.29%9 623 478 5445 5875 446 879 2023 1443
151 1.309 633 476 5082 5514 441 819 ———— —_——
132 1.298 622 479 5082 5509 492 625 1583 883
133 1.310 B34 479 5082 7287 447 631 1651 1035
154 1.297 821 479 5082 5428 455 650 1596 1103
135 1.302 .826 479 5082 5489 445 634 1670 1153
138 1.298 621 479 5082 5483 446 649 1726 1320
137 1.296 821 477 3983 4316 444 556 1032 855
138 1.330 .652 £77 3086 . 3333 445 499 763 860
138 1.8680 .985 479 7260 7645 488 782 4255 1493
140 1.852 .982 478 7280 7587 475 801 4316 1543
141 1.879 R:1:74 477 7280 7638 468 800 4391 1572
142 1.865 .988 477 7280 7630 470 aos 4485 1670
143 1.852 982 480 7280 7587 475 813 ——— 1700
144 1.852 982 481 7260 7360 470 al7 4660 1813
145 1.858 984 478 7260 7623 47 818 4668 1825
148 1.858 .9684 £80 7260 7667 465 814 —— 1825
147 1.843 .878 482 7079 7433 471 781 -—— 1428
148 1.861 .868 478 7079 T454 468 785 4163 1443
149 1.870 .980 479 7079 T433 471 793 4290 1540
150 1.857 .9684 478 7019 7440 470 793 4357 1610
151 1.867 .989 479 7079 7461 467 804 4526 17687
152 1.882 .996 477 6897 7249 470 177 4137 1470
153 1.872 981 477 8897 7263 468 770 4041 1593
154 1.870 .990 477 6897 7235 472 784 4198 15635
155 1.850 .981 478 8897 7269 457 792 4334 1780
158 1.85% 982 479 8716 7052 471 750 3809 1515
157 1.883 .99¢ 476 8718 7065 489 758 3833 1320
158 1.850 .981 479 6716 7059 470 766 5314 1415
159 1.853 .982 477 6716 7045 472 772 3993 1507
180 1.865 .988 479 6718 7045 472 781 4126 1630
161 1.874 892 477 8534 6854 472 747 3643 1273
1682 l.846 979 478 6861 471 743 —_—— 1255
163 1.865 .968 477 6534 6880 468 751 3720 1350
164 1.873 992" 479 6534 6854 472 756 3820 1424
185 1.857 984 £81 6534 6808 478 771 3474 1563
168 1.873 .892 478 6534 884a7 467 783 4187 1825
167 1.884 .897 477 6171 6473 472 721 3180 1153
168 1.857 .984 478 8171 6480 471 727 3267 1230
168 1.873 .992 478 8171 5480 471 727 5332 1293
170 1.861 .988 478 6171 5480 471 7351 5399 1377
171 1.869 990 479 6171 8517 465 748 3658 1643
172 1.845 .978 478 5808 6104 470 6587 2691 1010
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S 23
PROTOTYPE J40-WE-8 TURBOJET ENGINE (COMPRESSOR 1, COMBUSTOR A)
Cowbustor- | Fuel jTurbine- |[Projected |Engine- | Engine |Combustor |Ccmbustor jCcmbustor |Combustion | Combustion) Run
outlet total] flow outlet exhaust-{ inlet el-alir] total-. total- total afficlency | parameter
pressure We tatal noerle |air flow ra}io preasur:; pr;uu.re- den:ity Ty Ty
P, tempera- area W f/a loss ratlia os8 ratio -
s W/ar) “ture &1 (Py-Pg) [coeffic- Pe/P b
(sr2t2ms ) s [(aq an.) |C2P/20) . 1ent 5 (1\: °R uo)
59 abs (°R) e 4 (P¢-P5) _‘Eg_—
D

3158 2000 1292 478 46.96 0.0118 4434 2.088 0.973 28,211 87
3226 2220 1378 463 47.56 0130 8.318 2.202 984 27,877 88
3227 2220 1400 457 £7.49 0130 7.850 2.224 1.008 27,843 as
3183 2310 1399 451 46.97 JO137 8.571 2.219 953 27,570 90
3320 2605 1530 422 47.24 L0153 9.208 2.374 .988 30,211 a1
2966 1713 1177 536 47.10 L0101 8.224 1.983 974 24,187 g2
2933 1690 1174 S34 46.98 0100 8.257 1.882 .984 23,537 93
2928 1882 1248 482 46 .45 .0113 11.89 2.104 .9682 24,886 94
3024 1855 1258 479 45.71 0113 3.8905 2. .987 24,780 95
5094 2115 1574 449 46.15 0127 8.019 2.192 952 26,320 96
3165 2450 1483 422 46.65 0146 8.218 2.328 .982 28,851 87
2838 1580 1l28 S34 46.24 0095 8.349 ——— .961 22,330 98
2800 1863 1141 517 44.81 .0097 8.857 1.918 -939 22,552 99
2858 1770 1203 484 46.56 0106 7.570 2.022 .970 23,854 100
2988 1890 1340 449 44.73 0124 8.384 2.158 -974 25,680 101
3164 2275 1428 422 44 .94 0141 6.842 2.267 -954 28,145 102
2775 1515 1103 538 45.58 .0092 8.972 1.917 .954 21,739 103
2754 1480 1095 534 45.51 .0080 8.T74& 1.918 .970 21,519 104
280§ 1620 172 479 44 .83 0101 -———— 1.514 .958 22,641 105
2875 1825 1280 449 44 .32 0114 8.020 2.084 .986 23,790 106
3042 2115 1383 422 44.69 0131 §.567 2.229 .8976 25,934 107
2680 1427 1075 536 44 .50 .0089 8.835 1.90% .952 20,825 108
2825 1360 1046 534 44.16 .0086 8.408 —— .932 20,362 108
2658 1592 1078 534 44.01 .0088 17.37 1.929 .939 22,046 110
2788 1512 1138 479 42.38 .0098 ——— 1.872 934 21,416 111
2750 1623 1180 467 43.56 0104 9.300 2.015 954 22,246 112
2710 1881 1240 449 £2.59 .0110 8.878 2.089 .856 21,980 113
— 1la08 1288 435 42.86 0117 .968 —— 114
2925 19355 1531 422 43.68 0123 4.668 2.192 .983 24,280 115
— 2085 1395 408 49.11 L0154 ————— 964 ——— 116
3028 2350 1492 588 43.09 0151 7045 2.557 .857 27,211 117
2597 1168 892 554 41.68 .0078 9.694 1.841 .952 17,947 118
2326 1248 1047 480 40.14 .0086 6.778 1.864 9135 18,704 118
2402 1388 1142 449 39.20 0098 10.000 1.875 934 19,260 120
2580 1580 1220 422 40.03 .0110 5.172 2.077 <947 20,138 121
2677 2070 1478 367 38.51 L0149 7.308 2.408 .953 23,644 122
—— 38 §85 536 .919 ——— le=
——— 954 9g2 536 38.00 0070 - 124
2051 915 202 534 37.54 0088 0092 9.545 1.740 .882 14,895 125
2050 1030 978" 481 57.51 0077 0273 €.977 1.820 .979 15,578 126
2090 1105 1053 449 35.50 .0086 0342 9.250 1.899 .918 15,990 127
2199 1250 1122 422 36.04 .009¢& 0270 7.722 1.887 835 17,020 128
2302 1658 | 1354 387 34.60 0133 0275 9.286 2.299 .928 15.799 129
1859 1300 1292 367 30.85 0117 .0318 10.16 2.194 .g918 16,069 130
———— 702 861 536 29.98 0068 131
1822 680 805 S34 29.¢9 0064 0061 6.841 1.636 . T42 10,223 132
1828 750 864 481 29.72 0070 0139 3.382 1.863 <779 10,990 133
1539 =3 918 449 28.13 <0074 Q0557 8.806 1.760 .818 10,930 134
1gl2 855 a79 422 28.79 .0082 0347 9.3585 1.884 .856 11,763 135
1676 1032 1133 387 28.00 .0108 0290 8.475 2,095 .885 12,823 156
988 611 147 536 20.14 0084 0549 8.182 1.594 471 6,368 137
737 670 807 538 15.81 .0118 0341 8.125 1.370 172 4,462 138
£127 2330 1205 534 65.51 0099 .0301 8.101 1.943 1.008 535,499 139
4175 2485 1256 4954 64.47 -0107 0327 9.276 1.991 .990 355,130 140
4265 2615 1278 480 65.689 0111 0287 8.182 2.023 .986 35,720 141
43564 2940 1371 449 65.11 0125 0272 7.974 2.133 .983 57,114 142
—_— 2975 1395 £42 64.58 .0128" .987 ———— 143
4543 3425 1507 422 64 .88 0147 .0251 8.014 2.276 .978 40,589 144
4543 3495 1520 414 64 .53 0150 .0268 8.562 2.288 .972 40,700 14S
o —— 3520 1520 414 65.2% .0150 .975 - 148
——— 2120 1151 534 64.06 .0092 .988 ———— 147
4026 2180 1164 534 64.76 0094 0329 8.839 1.808 .989 32,596 148
4152 2475 1246 479 64.85 0106 .0322 8.903 2.007 .990 54,262 148
4248 2740 13523 449 62.90 .0321 0277 8.345 2.088 .960 56,385 160
4426 3205 1467 422 64 4T 0138 0221 8.849 2.248 1.004 58,527 151
3994 2255 1194 479 8%.58 0089 0346 9.597 1.860 .988 52,707 152
5898 534 83.77 0088 0359 9.416 1.872 .982 50,930 183
4078 2515 1283 449 75.2% 0083 0291 5.755 2.004 l.184 28,281 154
4236 2950 1410 422 62.64 .0l31 0249 7.500 2.241 .982 38,185 155
3671 iscs 1060 534 6l.24 .0082 Q360 9.133 1.818 954 28,380 158
3892 1815 1055 534 62.03 .0081 .0368 9.097 —— 960 28,373 157
3778 2040 1148 479 61.02 0093 0348 9.315 1.913 977 30,287 158
3863 2300 1239 A4S 60.86 .0105 .0326 9.286 2.018 -880 31,501 159
4004 2670 1388 422 §0.70 0122 0286 8.852 2.151 .996 53,626 160
3508 1640 1021 534 59.70 0076 0371 9.184 1.7717 .958 28,732 161
~———— 1640 1000 534 59.22 0077 .910 ———— 162
1825 1087 479 59.65 Q085 0366 9.877 1.866 .988 28,131 163
3693 2050 1171 449 5g9.52 0096 0333 9.203 1.948 972 29,779 164
3733 2395 1301 422 57.99 0115 0364 10.37 2.164 -877 30,953 185
4089 3205 1547 387 55.23 0153 0234 T.903 2.387 .982 38,818 166
3065 1245 912 534 55.00 0063 0392 9.258 1.664 .915 22,417 167
3148 1435 988 479 S4.71 .0073 0364 8.815 1.756 934 235,349 168
3217 i570 1056 449 54.81 .0080 0345 8.77¢8 1.843 .967 2,448 169
5289 1855 1147 422 54.38 .0095 0296 7.9357 1.941 <949 25,708 170
3557 2470 1381 367 §3.36 0128 Q276 8.783 2.265 .979 30,439 171
2582 915 800 534 49.51 LOOBL 0405 8.651 1.552 .853 17,560 172
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TABLE I. - Concluded. COMB

NACA RM E52J07

USTOR FBRFORMANCE DATA FOR

= Sl ua G by -
Run [Altitude Ram Flight |Pree stream|Engine (Corrected|Compressor- [Combuastor- |Combustor- Calcoulated
(§39) pregsure | mach gtatic speed engine |inlet total |inlet total}iniet total] combustor-
ratio number pressure N speed temperaturs |tesperature| pressure outlet total
P1/pg Pa rpm) N/+/T T . Py temperature
( 1» ) Tpm) (°R) {°R) 1p ) 5
8q abs 8Q It aps (°R)
173 | 35,000 1.880 0.995 476 5808 6098 471 696 2787 1040
174 1.868 .889 477 5808 6098 £71 899 2802 1103
175 1.888 8:7:1-] 478 5808 6083 472 99 2873 1168
176 1.863 987 480 5808 6110 469 T2 2968 1250
177 1.872 991 478 5808 8104 470 718 5092 2443
178 l.888 .969 479 ‘5082 5331 472 6839 19683 843
178 1.876 <893 476 5082 5336 471 644 2018 855
180 1.854 .983 478 5082 5341 470 645 2043 087
181 1.854 .983 478 5082 5336 471 545 2062 923
182 1.850 5681 481 5082 5341 470 547 2110 887
18% 1, AAL 5345 469 [:1:1:3 EZ% 13130
184 | 45,000 1.294 0.619 289 260 79135 437 768 3. 1547
185 1.287 .612 290 7260 7746 455 790 1892 1563
186 l.299 623 289 7260 7950 433 787 1945 1560
187 l.288 .Bl3 288 7280 7892 439 781 1985 1672
188 1.284 609 292 7260 7892 439 783 2021 1697
189 1.289 614 2%0 7260 7818 447 798 2039 1775
180 1.308 633 2886 7260 7967 432 781 2124 1860
191 1.299 623 209 7280 7950 433 792 2126 1863
lg2 1.291 618 250 7260 7921 456 787 2104 1810
193 1.286 .611 280 7250 7913 437 790 2103 1820
194 1.282 .607 281 7079 T674 442 759 1886 98
1985 1.277 . 602 298 7079 7695 439 754 1901 1477
198 1.293 .8l18 280 7079 7582 452 774 1855 1520
197 1.300 824 291 7078 7716 437 786 1987 1608
198 1.296 .8621 289 7079 TE24 447 786 1984 1727
199 1.287 812 280 7079 7716 437 785 2088 1853
200 1.302 626 287 6897 7407 450 760 1798 1463
201 1.301 .625 288 6897 7525 436 753 16896 1562
202 1.288 .6135 280 6897 7456 444 786 1915 1650
203 1.280 614 291 6887 7518 437 174 2038 lalo
204 1.283 608 291 8718 7287 441 T54 1772 1382
205 1.294 819 289 6718 7233 447 745 1748 1423
206 l.285 .610 288 8718 7206 451 757 1771 1508
207 1.283 .608 289 8718 1255 445 758 1839 1587
208 1.288 813 289 8716 1327 438 758 1927 ————
208 1.296 821 289 6534 7096 440 721 l694 1542
210 1.298 .6Q03 290 6534 7057 445 733 1692 1387
211 1.289 El4 291 6534 7050 446 740 1706 1440
212 1.303 827 290 8534 7089 441 757 1773 1530
213 1.299 <623 287 8534 7129 436 74 1839 1647
214 1.2789 .619 288 6171 6671 444 709 1513 1273
215 1,298 821 291 6171 8688 442 714 1548
216 1.288 613 289 8171 5689 442 712 1580 1410
217 1.291 .§l6 289 8171 8133 436 712 1627 1520
218 1.298 <619 288 5980 6541 435 726 1578 1778
219 1.278 603 281 5808 8302 41 875 1324 1180
220 1.285 .618 291 5808 8290 443 878 1165
221 1.298 .621 291 5808 8307 440 687 b3 1288
222 1.299 623 287 5808 6296 442 687 1583 1320
223 1.301 625 288 5808 6342 435 685 1409 1350
224 1.327 649 288 5808 6337 436 708 1484 1870
225 1.311 634 288 5445 5935 437 875 1278 1518
226 1.502 .626 289 5082 5524 439 630 276 1075
227 1.300 624 294 5082 445 834 92 1055
228 1.300 624 291 5082 5473 447 647 1001 1135
229 1.311 634 288 5082 5519 440 £36 1026 1143
230 1.289 .6l4 207 5082 5550 435 a3l 1030 1207
1.315 26 289 DSR4 4 846 J._Qﬁg_ 1}%
232 ! 50,000 1.284 C.609 224 7280 7928 435 776 152 15
233 1.270 .5985 227 7280 7942 434 785 1581 1690
234 1.299 .623 223 7260 7813 437 797 1865 1817
255 1.282 807 225 7280 795Q 433 794 1629 1815
238 1.258 .582 229 72680 7950 433 T84 l624 1815
237 1.301 625 222 7260 7928 438 754 1638 1853
238 1.290 814 222 7260 7928 435 800 16850 1870
239 1.288 .813 225 7260 7850 433 800 1651 1883
240 1.294 619 222 7260 7828 435 796 1825 1843
241 1.266 591 234 7079 7752 435 759 1527 1520
242 1.280 605 225 6718 6891 £78 789 1298 1483
243 1.203 .8G8 226 5808 8011 484 730 9357 1250
244 1.300 824 226 5808 5537 436 681 1051 1le7
245 819 ’_mﬁ2_4 | 4BE £18 [ FERL]
246 | 55,000 1.302 0.628 163 7280 7883 443 788 11 L1647
247 1.324 647 181 7280 7870 442 798 1238 1823
248 1.287 .812 174 7260 7928 435 793 1267 1760
249 1.302 .626 175 7280 7928 435 804 13525 1870
250 1.29% 619 178 7260 7942 434 804 1325 1883
251 1.286 591 188 7260 7863 445 805 1251 1855
252 1.309 633 188 7260 7868 “3 804 1283 1840
253 1.309 833 168 7260 7841 445 802 1244 1820
254 1.314 837 162 7078 “7681L 441 778 1175 1830
253 1.315 .638 164 6716 7514 438 T40 1076 1407
256 1.3504 .628 189 6534 7116 438 750 1029 1590
257 1.295 819 168 5808 8325 438 £83 790 1207
258 1.279 .604 170 5082 5519 440 634 582 1103
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PROTOTYPE J40-WK-8 TURBOJET ENGINE (COMPRESSOR 1, COMBUSTOR A)

25

Combustor~ | Fuel [Turbine-)Projected|Engine- | Engine [Combustor |Combustor]Combustor |Combustion| Ccmbustion] Run
outlet total| flow | cutlet | exhaust-| inlet |fuel-air| total- total- total |efficlency| parameter
pressure ', total nozzle alr flow]| ratio pressure- |pressure-| density nb PL/TA,
{1b/hr) tewpera-| area LA t/a loss ratio{ loss ratio —-
( £ ) tgre b7 (lb/;ec) '(PL-PS co:igto- P/ 1b °§ sec
8q It abs 6 (8q in. (_'_Sl_")
(°r) e i) ‘+ (P¢-Ps) £t
9p

2656 938 818 534 50.51 0.0052 0.0401 6.538 1.556 0.887 18,185 173
2680 1048 880 478 49.89 .0058 0400 8.960 1.644 <935 18,905 174
2766 1200 937 449 49.695 0067 0373 8.992 1.727 .820 20,138 175
2836 1413 1030 422 49.84 Q078 0448 11.37 1.865 946 21,410 176
2984 1850 | 1227 367 48.14 .0107 L0317 B.991 2.078 955 25,815 177
1902 s521 680 554 40.77 00355 .0409 7.570 1.575 .785 11,630 178
1832 528 68s 554 41.30 0036 .0426 7.880 1.387 JI91 11,879 179
19589 &§00 723 479 40.81 Q0041 0411 8.155 1.448 .792 12,462 180
1982 680 53 449 40.17 0047 .0388 8.081 1.488 . 784 12,875 181
2037 787 815 422 40.14 0053 0346 7.374 1.581 .859 135,358 182
2171 281 9% 20358 8.172 1.7 .918 15,265 183

1881 1213 1257 538 28.71 0.0117 0.0264 T.727 2. . 15,821
19135 1200 1285 534 27.83 0120 ——— - 1.9568 .918 15,507 185
1918 1239 1263 521 28.80 0118 .0139 4.081 2.063 .942 15,717 186
1936 1374 1368 480 28.52 0134 0247 7.656 2.19% .17y 853 187
1975 1449 1385 487 28.70 0140 -.0228 T7.302 2.217 .935% 17,240 188
1984 1520 1471 449 28.26 0148 0270 8.871 2,292 946 17,795 189
2076 1687 1549 435 28.88 .0l182 0226 7.869 2.905 .957 19,064 180
2074 1687 1550 435 28.85 .0182 -0245 8.525 2.411 960 19,0983 191
2053 1640 1504 435 28.80 .Q188 0242 8.500 2.557 .939 18,829 is2
2056 1649 1513 435 26.72 .01l80 Q224 7.833 2.357 .933 18,851 193
1843 1141 1216 5356 28,24 .0112 0228 6.719 2.020 .928 15,159 194
1854 1144 1200 536 28.87 ,0110 0247 7.015 2.009 .932 15,008 188
1802 1130 1234 534 27.86 0113 0288 8.154 ———— .934 14,857 198
1914 1310 1315 480 28.62 .0l26 0270 8.154 2.157 945 16,104 187
1932 1450 1430 451 28.04 Ol4d .0262 8.387 2.256 940 16,952 1938
2013 1650 1551 422 28.24 .0162 0359 12.93 2.449 .957 18,952 199
1746 1057 1183 5354 27.59 .0106 .0278 7.937 l.880 .939 14,241 200
1849 1223 1281 £80 28.33 0120 .0248 7.460 2.127 .955 15,394 201
1867 1350 1571 451 27.64 .0136 0251 8.000 2.203 933 16,176 202
1985 1570 1816 422 28.13 0155 .0251 8.795 2.39% .986 18,066 203
1723 1000 11353 536 27.48 001 0277 7.903 1.850 .915 15,804 204
1694 1000 1158 534 26.58 .0103 03185 8.016 1.979 .g28 135,726 205
1721 1101 1239 478 26.45 .0l16 .0282 8.1897 2.050 917 14,218 208
1790 1245 1325 451 26.96 0128 0267 8.305 2.170 937 15,178 207
lae4 1440 ——— 422 30.15 0133 -0l58 4.167 -——— —— 14,852 208
1849 828 1082 536 26.81 0097 .0268 7.800 1.912 .895 15,081 209
1836 930 1109 534 26.67 .0087 0331 g.180 1.930 .912 12,891 210
1650 1020 1183 479 26.23 .0108 0323 9.167 2.011 .91 15,341 211
1728 1s2 1287 451 26.56 .0320 0254 7.6827 2.130 933 14,239 212
1806 1519 1381 422 26.55 .01l38 .0180 5.893 2.264 .9358 15,489 213
1458 789 1031 534 24 .51 .0089 -0376 10.18 1.865 874 11,289 214
1492 8a7 1103 479 29.65 0100 0562 10.00 1.859 .882 11,727 215
1531 950 1174 451 24 .42 .0108 0310 9.074 2.043 .906 12,286 216
1587 1095 1278 422 24.350 0125 0246 7.843 2.189 -910 15,229 217
1540 1315 1525 387 2l1.81 0187 0241 8.048 2.505 .907 15,998 218
1260 873 938 536 22.43 .0083 .0483 12.55 i1.812 794 9,474 219
1254 873 957 534 22.19 0084 0354 g.020 1.781 <177 8,217 220
1%05 773 1038 479 2z2.08 0097 0355 2.796 1.914 .823 10,054 221
1515 794 1100 451 21.72 .0102 .0352 10.000 1.991 .85% 10,272 222
1574 895 1171 42 21.92 .0113 0249 T.447 2.081 .872 10,911 223
1448 1173 1435 367 21.01 .0155 0243 8.781 2,424 .886 12,763 224

1241 942 1303 367 18.96 -.0138 0290 9.757 2.311 857 10,425
858 583 886 536 17.92 0092 0205 4.878 1.742 645 6,414 228
1026 585 871 534 18.10 .0090 ————— —— 1.809 651 6,624 227
968 663 942 479 17.88 .0103 0330 8.047 1.814 6352 6,751 228
992 627 853 451 17.35 0100 0331 9.189 1.8587 .679 7,538 229
967 §83 1029 422 17.335 .0l09 0612 17.50 2.038 .721 7,442 230
_'[%g_ 20127 Q302 9. 2.176 -785 8,456 231

1486 9 1280 536 22.36 0.0124 0.0281 8.431 2.111 0.931 12,550
1545 1172 1386 483 22.49 0137 .0240 7.600 2.211 <949 13,486 233
1621 1232 1502 471 22.33 .0153 0284 9.565 2.342 .968 15,230 234
1594 1285 1501 455 22.37 .0160 .0215 7.292 2.353 .926 14,418 235
1586 las2 1801 455 22.28 .0160 0234 7.917 2.538 .926 14,375 236
1558 12a2 1522 447 22.33 .0159 0257 8.936 2.370 .950 14,728 2357
1612 1356 1859 443 22.17 .0170 0230 8.261 2.393 .918 15,127 238
1612 1351 1565 443 22.30 .0168 0236 8.288 2.411 940 14,901 239
1803 1292 1532 442 22.28 .0161 »0135 4.583 2.346 944 14,398 240
1487 953 538 22.76 .0116 0262 7.692 2.057 +931 12,274 241
1254 801 1214 536 15.45 0114 -.0539 9.565 1.958 873 10,480 242
886 858 1027 536 15.11 0121 .0438 11.38 1.790 .602 6,890 243
1014 674 989 536 17.52 0107 0352 9.487 1.822 .655 7,672 244
9,643 1.712 448 4,740 245
1164 908 1346 527 16.57 0.0152 0.0252 10.00 2.158 0.813 10,559 246
1207 1002 1517 487 16.70 0187 .0251 8.857 2.343 .897 11,153 247
1228 1002 14438 473 17.39 .0160 0328 11.08 2.2935 .873 11,209 248
1285 1123 1657 455 17.74 .0170 0317 11.35 2.402 .881 12,175 249
1295 1123 1568 455 17.66 0177 0227 a.108 2.398 894 12,173 250
1221 1060 1544 455 16.46 0178 0240 8.824 2.361 857 11,685 251
1231 1065 1554 451 16.81 0178 .Q2583 9.143 2.349 .860 11,604 252
1220 1012 1508 —— 16.85 0167 .0193 €.667 2.314 .888 11,239 253
1142 854 1337 536 16.53 0143 0281 9.167 2.156 .858 10,139 254
1050 779 1158 538 le.l2 Q134 0242 7.222 1.948 .697 8,663 255
a87 T44 1126 538 15.69 0132 0408 12.00 1.985 » 700 8,105 256
762 §55 977 536 12.85 0142 0355 9.655 1.832 -504 5,855 257
571 857 924 538 9.96 0178 .0355 10.00 1.804 .366 4,288 258




Figure 1 - Engine installation in altitude wind turmel test sectiom.
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(a) Side view.

(o) Rear view.

(b) Front view.

Figure 2. - Engine combustor A.
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(b) Front view.
Figure 3. - Englne combustor B.
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(a) Side view.

(¢) Rear view.
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Tigure 4. - Engine cambustor C.

(b) Front view.
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Accumulated combustor-basket hole area, percent

Combustor-basket outer wall

Combustor-basket inner wall
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= 3L
Combustor Total hole Inner wall Outer wall
basket area area area
(sq in.) (percent) (percent )
(o] A 796 46.5 53.5
B B 8089 . 50.0 50.0
o ¢ 877 46.5 53.5
015 a3e =
O
ol o |©®
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Combustor-basket length, percent
Flgure 6. - Percentage of total open area of combustor baskets.
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Turbine
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Component Inlet-air duct Compressor Combustor
Station 1 2 3 4 5
o i‘
fan iy ;
Air —
flow e
—_— T
—— ’*.zy_\:\ B/ i —
i ————
e — = St T —
. LRSI = By = = -
—— = ~— %= — iy
"\\ \\;_—d___. s
Total- Static- | Wall static-| Thermo-
Station Location pressure | preseure | pressure couples
tubes tubes orifices
1 Inlet-air duct 29 12 6 10
2 Engine inlet 18 0] 4 0
3 Compressor inlet 23 3 7 0
4 Compressor outlet 18 0 3 6
5 Turbine inlet 5 0 0 10%
6 Tarbine outlet. 20 o 8 24
7 Exhaust-nozzle outlet 16 2 8 0
*Sonic flow probes
Figure 7. - Top view of turbolet-engine installation showing stations at which Instrumentation was installed.
) - r ]
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33

Five boundary-layer
total-pressure tubes
80° "¢ 500
(a) Station 1, cowl inlet. Diameter, (b) Station 4, compressor outlet. Pas-

34 inches; location, 6 inches down- 1 .
stream of cowl-inlet flange. sage helght, 35' inches; location,

%‘- inch downstream of trailing edge
of fixed vanes.

Total pressure
Statlic pressure

Thermocouple
Radisl
traverse
% QOr*
o
+%
kbo°
() +Oo
o
o
+o
(c) Station 5, turbine inlet. Pas- (d) Station 6, turbine outlet. Pas-
sage helight, 6% inches; location, sage height, Sg- inches; loceation,
3
12- inches upstream of leading 5g inches downstream of trailing
edge of first stage turbine-nozzle edge of turbine rotor.

diaphragm.

Figure 8. - Location of instrumentetion. Viewed looking downstream.
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A

=

Com- N/ -‘/5 Py T5 1 ‘I‘6 1 Totsl hole Inner- Outer- R
- ) 3
e ) O’z @) G G} e e e 3
{percent) (percent)
o A 7812 4187 1326 =--- 796 .46.5 53.5
1] O B 7860 4388 1254 --~- "~ "BCS 50.0 50.0
| O A 6646 3323 -—-- 800 796 46.5 5.5
315 o B 6255 2995 ---- 8%3° 809 50.0 50.0
o
He
3|2
] ST
lo § 120
ol &
E ) AN Ly, \g )
i B o
& B
-S %
ol h 20
e (a) Combustor-inlet total- (c) Combustor-inlet total- .
8 < pressure profile. Engine pressure proflle. Engine —_
= speed, 7260 rpm. speed, 6000 rpm.
120 =

/ :

)4

i

100 :i?;7

74

80

Inner wall E{(\\

Average circumferential temperature
Average over-all temperature
percent

‘<:j§§z;:?’

Outer wall M/%
Tromer wall K\

Outer wall

temperature profile.

speed, 7260 rpm.

Figure 9. - Effect of combustors on combustor-outlet indicated temperature profiles.

20 40 60 80

100

20 40 60 80 100

Passage height, percent
(b) Combustor~outlet indicated

Engine

{d) Turbine-outlet indicated
temperature profile. Engine
speéd, 6000 rpm.

Altitude, 30,000 feet; flight Mach number, 0.62; compressor, 1.
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Aversge circumferential pressure

Aversage circumferential tempersture

NACA RM E52J07 R 35
Com- N/-/6 Py Ts 4 Tg 4 Totel hole Inner-  Outer-
bus- (rpm} (1b/eq £t abs) (05) (Oﬁ) area wall wall
tor {sq in.) erea aresa

© (percent) (percent)
] O ¢ 7870 4341 1443 - 877 46.5 53.5
2 D B 7964 4516 1420 --- 809 50.0 50.0
20 & ¢ 4883 1646 ———- 397 877 46.5 53.5
- O B 4765 1708 -—-= 400 809 50.0 50.0
@5 110 '
g —9 _
2 pord €K
¥, S e
g, o—0r— g
] 90
<t
(a) Combustor-inlet total- (c) Combustor-inlet total-
pressure profile. Engine Pressure profile. Engine
speed, 7260 rpm. speed, 4356 rpm.
120 :
o :P”’FL\\\ /
’V’\ It P
E TR [l —
a A 7
3] 100
g = ¢ 3
-
o ~ 4
3¢ 3 3 /
& B = &
2 80 |% g w‘d
© g 3 = =
o | © 3 g
§ =
@ 5 g
E |~ R :
60 - 2
0 20 40 60 80 100 0 20 40 60 80 100

speed, 7260 rpm.

Pessage height, percent

(b) Combustor-outlet indicated
temperature profile. Engine

(d) Turbine-outlet indicated
temperature profile. Englne
speed, 4356 rpu.

Figure 10. - Effect of combustors on combustor-outlet indlcated temperature pro-
files. Altitude, 30,000 feet; flight Mach number, 0.62; compressor, 3.
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Compres- N/~/8 P, Ty Tg.q
or  (rpm) (I1b/sq £t abs) (op) (oF)
o 3 7870 4341 1443  ---
o 2 7318 - 4035 1528  ~--
® o 3 4683 1646 ——— 397
5 o 2 4674 1470 -==- 759
2| o
4k
Pl
—~®
39 Loceation of LocaLion of
31~ 4 10 — epLitter AN L eplitter N
Ol O 4
Sld & ~——0 . —a
oly @
Blg = A g D v ]
5|5 o6 g
1—; Q
JE e
00 (a) Combustor-inlet totel- (c) Combustor-inlet total-
£ | pressure profile. Englne pressure proflle. Engine
2 speed, 7260 rpum. speed, 4356 rpm.
120

AN

TS

80

P"”

Average circumferential temperature
Aversge over-all temperature
percent

60

/
el o1 outer var1_o” |

Toner wall ch\\ik

74

40 60 80

Toner wall
s Y

o]

0

0] 20 40 €60 o] 160

Pagsage height, percent

(b) Combustor-outlet indicated
temperature profile. Engine

speed, 7260 rpm.

(&) Turbipe-cutlet indicated
temperature profile. Engine

speed, 4356 rpm.

Figure 11. - Effect of combustor inlet-air pressure profiles on combustor-outlet

indicated temperature profiles.
combustor, C.

Altitude, 30,000 feet; flight Mach number, 0.62;
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Combustor Ellota.l 6pen
ares
12 (eq in.)
o A 796
<o B 809
8 o o < B
3 -3 3
o
= e oo o
Te] 5
n v -
1 4 <
& 1 | u] @
o 4
g (a) Effect of combustors with compressor 1.
ot
[&]
E Combustor Total open
@ area
(3] 16 (sq :Ln.)
a o B 809
% =] c 877
g
o
o]
3 = et d u]
;a' 12 = o< -
[ / <
4
3 — R0~ P
) // U//V
8 g
g ° ©
8
o
o
4
1.4 1.6 1.8 2.0 2.2 2.4

Combustor total density ratio, p,/p
(b) Effect of combustors with compressor 3.

Figure 12. - Variation of combustor total-pressure-loss coefficlent with density

ratio for several combustors.

ATtitude, 30,000 feet; flight Mach number, 0.62.
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Combustor total-pressure-loss coefficient

NACA RM E52J07

Combustor total density ratio, p,/eg
{c)} Effect of inlet-air pressure profiles with combustor C.

Compressor
(o} 3
‘a 2
20
0
16 — R
fm) m{
g D/D/’ o 0 G
&L (m] o O
= 12 ©
0
[-» -—————-—‘LD
éﬁ _,—4§L52’15'L—_‘__ o o
~— /
/
8 O
o
4 ;
1.4 1.6 1.8 2.0 2.2 2.4

Figure 12. - Concluded. Varlstion of cowmbustor total-pressure coefficient
with density ratio for several combustors. Altitude, 30,000 feet; flight

Mach number, 0.62.
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Combustion efficiency, fy,
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Pigure 15. - Varlation of combustion efficliency with cosbustion paramster for three combustors and three compressors.

30,000 fest; flight Mach numher, 0.62,
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(¢) Effect of exhaust-nozzle area.
Figure 14. - Verilastion of combustion efficiency with corrected engine spesd.

62 66 )
Corrected engine speed, N/-/G, rpm
Altitude, 35,000 feéet; flight Mach number, 0.62.

Prototype J40-WE-8

turbojet engine (compreesor 1, combustor A).
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N i 1 1
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(c) Effect of exhaust-nozzle area.

64
Corrected engine speed, N/+/8, rpm
Altitude, 35,000 feet; f£light Mach number, 0.62.

Figure 15. - Combustor pressure-loss characteristics in terms of engine parameters. Prototype
J40-WE-8 turbojet engine (compressor 1, combustor A).
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Combustion efficisney, T,
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(a) Prototype J40-WE-8 turbojet engina (cowpresacr 1, aombustor A).
Flgure 17, - Variasilan of combustion efficianoy with cowbustion parawmeter.
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Pigure 17. - Coneluded. Varietion of combustion efflelancy with coubustion paramcter,
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Flgure 18. -~ Variation of combuation efficlency with fuel-air ratio for several values of combustion
Compressors 1 and 2 with combustors A and B, respectively.

parameter.
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